3 concentrations with average values between 1.4 mg N l −1 and 9.6 mg N l −1 . Furthermore, throughout the sampling period DON concentrations increased to 2.8 mg N l −1 in the northern stream contributing up to 81 % to TDN. Multiple-linear regression analyses performed between chemical data and landscape characteristics showed a significant negative influence of organic soils on instream N concentrations and corresponding losses in spite of their overall minor share of the agricultural land (12.9 %). On the other hand, organic soil frequency was positively correlated to the corresponding DOC concentrations. Croplands also had a significant influence but with weaker correlations. For our case study we conclude that the fractions of coarse textured and organic soils have a major influence on N and DOC export in this intensively used landscape. Meanwhile, the contribution of DON to the total N losses was substantial. texture or organic content play an important role on N losses. Recently, researchers have put more emphasis on studying the contribution of dissolved organic nitrogen (DON) to the N balance of landscapes (Mattson et al., 2009; Cooper et al., 2007; Ghani et al., 2007; van Kessel et al., 2009; Neff et al., 2003 . Hedin et al. (1995) found that organic N represents a large part of the total N losses from forest ecosystems, which was also described in other studies (van Breemen, 2002; Cooper et al., 2007; van Kessel et al., 2009; Neff et al., 2003 . It was also found that DON can be used as N source by many plant species (Näsholm et al., 2009 ) and therefore could also play a substantial role in N flows of agricultural systems. Cooper et al. (2007) pointed out that the release of DON (and DOC) is "strongly influenced by a wide range of hydrometeorological factors". As DON includes labile and recalcitrant compounds (Neff et al., 2003) and has different retention times in soil and water, corresponding losses can substantially vary between different watersheds. Therefore, there is a need to better understand the fundamental role of DON in agricultural systems (Ghani et al., 2007; van Kessel et al., 2009 ) and in the global N cycle (see review by Durand et al., 2011) , including its preferential flow pathways and biological degradation mechanisms (Perakis, 2002) .
In this study, we focused on the N and carbon (C) fluxes in the Tyrebaekken stream (Denmark) and the influence of land use and soil properties on stream chemistry. Agriculture represents a large sector of Danish economy due to a suitable climate and relatively good soils. Manure is the main fertiliser source for agricultural production (Dalgaard et al., 2011b) and represents more than 80 % of the N source in Danish streams, lakes and coastal waters (Kronvang et al., 2005 (Kronvang et al., , 2008 National Environmental Research Institute, 2006) . We investigated the fractions of dissolved inorganic nitrogen (DIN) and DON within total dissolved nitrogen (TDN) concentrations and fluxes in the stream water, respectively. As DON is linked to DOC by often sharing the same origin of organic matter, DOC values were also studied. The main concern of this investigation concentrated on answering two questions:
1. What is the relative influence on stream chemistry of land use and soil properties?
2. How big is the contribution of DON to TDN losses from agriculture-dominated land?
In order to unravel the impact of soil properties and land use on in-stream chemistry, measurements of different C and N solutes with a high spatial and temporal resolution are required. Furthermore, to get a general overview on seasonal trends in effects of nutrient export, flushing rainfall events need to be excluded. Therefore, in our study we performed "snapshot" sampling campaigns during stable flow conditions (Grayson et al., 1997) .
Materials and methods

Study area
The study site is located south of Bjerringbro in central Jutland, Denmark. Two streams run through the investigated area from the east towards north-west ( Fig. 1 ; Hutchings et al., 2004) . They converge to form the Tyrebaekken stream that ultimately reaches the Gudenå River approximately 3 km downstream of the studied area. The total catchment area is 842.7 ha and outlet coordinates are 56 • 35 14 N and 9 • 65 09 E. According to the available 2 × 2 m DEM digitised for the NitroEurope project Hansen, 2004) , elevation ranges from 25 to 58 m a.s.l. and topography is gentle with a mean slope of 3.7 %, although local maximum reaches 21.4 %. The mean annual rainfall in the area is about 712 mm with a corresponding mean evapotranspiration of 555 mm per year. Mean annual temperature is 7.7 • C (PlanteInfo, 2011).
As presented in Fig. 1 , three river parts were analysed: the northern branch (sampling points 1 to 6), the southern branch (points 11 to 20) and the downstream converged part (points 21 to 24). As summarised in Table 1 and depicted in Fig. 1 , land use is dominated by 90 % of intensive farming, primarily arable cropland in rotation (70 %). Pasture is the second most frequent land cover (20 %), totally dominating the land use along the stream (Cellier et al., 2011) . The average fertilisation in the area is 80 kg N ha −1 yr −1 in the form of livestock manure (equal amounts of pig and cattle slurry), and 74 kg N ha −1 yr −1 in the form of synthetic fertilisers with a modelled average NO − 3 leaching equal to 58 kg N ha −1 yr −1 (Dalgaard et al., 2011a) , correlating to the typical cropping and management practices in this part of Denmark (moraine plateaus with arable land dominated by winter wheat cereals, and with permanent grassland on the lowland organic soils; Dalgaard et al., 2012; Höll et al., 2002) . According to Dalgaard et al. (2012) atmospheric N deposition for the Bjerringbro area derived from EMEP (2012) was around 12 kg ha −1 yr −1 , adding another 8 % of total N input, which does not significantly change the overall N budget. The four dominant soil textures are coarse sandy clay (27 %), coarse clayey sand (26 %), fine clayey sand (24 %) and 13 % with soil organic matter predominant (Table 1) . As illustrated in Fig. 2 , organic soils are mostly found near streams. The northern part is dominated by coarse and fine clayey sands whilst coarse sandy clay dominates the southern part (Fig. 2 ).
Sample collection and analyses
A total of nine snapshot sampling campaigns (Grayson et al., 1997) were carried out in 2009. Sampling periods corresponded to stable flow conditions in April (20th, 24th and 27th), August (4th, 11th, 13th) , and September (10th, 17th and 25th). Twenty different locations at an approximate spacing of 200 m along the stream were sampled during each campaign (Fig. 3) . Furthermore, six drains (T ) that discharge directly into the southern stream were analysed as well as two nearby groundwater wells (GW) (Fig. 3) . Geographic coordinates of the sampled waypoints were captured with a global positioning system (Garmin eTrex) and imported into a geographic information system (ArcGIS 9.3). The 2 × 2 m DEM from the Bjerringbro area was used to delineate and calculate the upstream contributing area corresponding to each sampled point (Fig. 3) . The sampling protocol included measuring in-stream flow velocity with an electromagnetic flow meter (FloMate 2000, Marsh McBirney, Frederick, US) and electric conductivity (EC) with a portable instrument (pH/cond 340i, WTW, Weilheim, Germany). Discharge Q [l s −1 ] was computed based on stream velocity and the crosssectional area of the stream bed. Triplicates of grabbed water samples were filled in 100 ml low-density polyethylenebottles at each waypoint on each sampling day. One bottle was stored cold for immediate analyses whilst two bottles were frozen for later analyses at the laboratory of the JustusLiebig-Universität, Gießen.
Samples were filtered and analysed at Aarhus University within 24 h. NO measurements) or just above (< 0.05 mg l −1 in 93 % of measurements), DIN was assumed to be equivalent to NO 
Statistical analysis
To determine significant spatial and temporal differences of C and N solutes, t-tests between different stream sections and sampling periods at a 5 % level were carried out. Furthermore, Pearson correlation coefficients were calculated between the three components (NO − 3 -N, DON, DOC) for concentrations and specific loads to check for inter-dependence of solute dynamics.
To investigate the influence of land use and soils on stream chemistry, multivariate regression analyses were made with the "backwards" method using SPSS 15.0.1 (2006) (Jobson, 1991) , defining measured stream chemistry at each waypoint as dependent variables. The independent variables were the areal fraction of contributing area covered by cropland, the portions covered by coarse clayey sandy soils and portion covered and by organic soils, two GIS-derived landscape characteristics (mean slope and mean topographic wetness index (TWI) of each sub-basin) and the sampling period (April, August, September). TWI (Wilson and Gallant, 2000) is a measure of topographic control on hydrological processes that considers the local upslope catchment area and its slope. It was calculated with the spatial analyst toolbox of ArcGIS 9.3 as TWI = ln(A s / tan β), with A s being the specific catchment area and β the slope gradient. We only report coefficient of determinations (R 2 ) and standardised beta coefficients as we focus on the relative importance of independent variables rather than predicting dependent variables. To exclude multicollinearity and autocorrelation of residuals, both tolerance and Durbin-Watson coefficients were checked. Multicollinearity can be expected with a tolerance value smaller than 0.1 (Jobson, 1991) . None of the regression coefficients had tolerance values below this level.
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For the Durbin-Watson coefficient, values below 1 or above 3 point to strong autocorrelation. Durbin-Watson coefficients of all regression analyses varied between 1 and 1.5, indicating a moderate positive autocorrelation of residuals. This is often observed when time series are analysed. In particular, snapshot sampling is very sensitive to autocorrelation as waypoints are located in vicinity to each other and concentrations measured upstream are likely to impact conditions downstream. However, as we used the regression analyses for identifying relevant independent variables rather than predicting dependent variables, we assume to observe the basic conditions of regression analyses.
Results
Precipitation during the sampling period varied within the span of long-term trends. Whilst April was substantially drier than usual with only 11 mm (−71 %) precipitation instead of a long-term monthly mean of 38 mm, July and August saw more rainfall than usual with 90 mm (+40 %) and 82 mm (+28 %), respectively, in relation to a mean of 64 mm for both months. September was drier than usual with 45 mm (−33 %) instead of its monthly mean of 67 mm. Measured EC and pH are presented in Table 2 . Mean EC ranged from 351 to 418 µS cm −1 and mean pH values from 7.2 to 7.7 in accordance with typically observed values in Danish streams (National Environmental Research Institute, 2006) .
Discharge of up to 10.0 l s −1 in the northern stream was low in comparison to the southern branch. The discharge from the source of the southern stream towards the catchment outlet (including the converged part) increased from 2.1 l s −1 to 25.4 l s −1 for the southern stream part and from 16.8 l s −1 to 37.6 l s −1 for the converged part. Mean runoff during the sampling period is given in Table 2 for all three stream sections.
As shown in Fig. 4a , NO − 3 -N concentrations ranged from 0.4 to 11.3 mg N l −1 for all three stream sections. Meanwhile, DON concentrations (Fig. 4c) showed the highest values in the northern stream between < 0.01 and 4.3 mg N l −1 . On the contrary, DOC concentrations (Fig. 4e) were lowest in the northern part with concentrations from 5.9 to 11.5 mg C l −1 . Distinct differences in concentrations between stream sections could be observed from the measurements. As shown in Fig. 4a , the northern part always showed significantly higher NO − 3 -N concentrations than the other streams. Furthermore, the same stream section also depicted higher DON concentrations than the two other ones in August and September. Regarding DOC concentrations, significantly higher values were measured in the southern stream for all three months. In the northern stream, the high NO − 3 -N concentrations remained stable throughout the complete sampling period, whereas DON concentrations increased significantly between April and September (Fig. 4c) . Similarly, DOC concentrations were significantly lower in April than in August and September.
Considering losses, DON loads were significantly lower in April than in August and September, whereas NO − 3 -N and DOC loads remained stable in the northern part over the observation periods.
In the southern stream section, the NO − 3 -N concentrations were significantly higher in April in comparison to the latter sampling periods. DON concentrations and losses in this stream section increased significantly between April and the end of summer. DOC concentrations were significantly higher in September than in April and August. Furthermore, NO − 3 -N loads were significantly higher in April than in August and September. Significant differences in DOC loads were found for all three months in the southern part.
The converged stream part showed significantly rising NO − 3 -N loads from August to September. Furthermore DOC loads declined significantly from April to August, whereas no significant differences were found between August and September. All measured concentrations and DON loads showed no significant differences between the three sampling periods.
The drains sampled were all located in the southern subcatchment, as in the northern sections no such drains could be found. NO − 3 -N concentrations in April (∼ 2 mg N l −1 ) were higher than in August (∼ 0.5 mg N l −1 ) and declined in September to concentrations around 1.5 mg N l −1 (Fig. 6) . Groundwater well concentrations were in the range of drains. Meanwhile, DON and DOC showed neither significant temporal nor spatial differences throughout the sampling periods, apart from single drains peaking in concentration during the third snapshot sampling in April and the first one in August. Multivariate regression analyses demonstrated a significant influence of organic and sandy soils on stream chemistry. NO showed positive correlations, indicated by standardized beta coefficients of −0.55 and −0.57 for organic soils and 0.48 and 0.45 for coarse clayey sand, respectively (Table 3) . For DON we found positive correlations with both the sampling date and the portion of contributing area covered by sandy soils. The sampling period had the most significant influence on DON concentrations and loads with beta coefficients of 0.47 and 0.38, respectively. DOC concentrations showed a positive correlation with organic soils while DOC loads positively correlated with arable cropland. The distribution of organic soils seemed to have the most important influence on DOC concentrations as illustrated by a high beta coefficient of 0.70. The two topographical indicators (mean TWI and mean slope) had the lowest beta values, probably due to the uniformly gentle topography. Furthermore, correlation coefficients were calculated for concentrations and loads to determine relations between the three solutes. We found NO 
Discussion
Nitrate
In the Danish stream Tyrebaekken, water analyses showed a quite heterogeneous distribution of NO − 3 -N concentrations and fluxes between the three stream sections. In the northern part, they were significantly higher than in the southern part even though the land use distribution according to Table 1 apparently did not vary much. On average NO − 3 -N concentrations measured in the southern part represented about 15 % of the concentrations measured on the same day in the northern part. However, as mentioned in Sect. 2.1, detailed information about site-specific management practices Cellier et al., 2011) showed relatively larger areas with extensive grazing (and thereby lower N fertiliser and manure input) in the northern part, which also included more wet meadows compared to the more steep terrain along the southern stream branch. Despite this, higher NO − 3 -N concentrations were exhibited in the northern branch during summer 2009. As pointed out in many studies (Böhlke and Denver, 1995; Ruiz et al., 2002a; Worrall and Burt, 2001) , soils are able to store N, leading to poor correlations between N losses from agricultural soils and headwater quality. Consequently, N leaching is affected by past land use and management practices (Hansen et al., 2011 (Hansen et al., , 2012 , which varied a lot in this area during the past 300 yr (Caspersen and Fritzbøger, 2002) , but a further study of this aspect was out the scope of the present study. Furthermore, the NO − 3 stored in soils can be released into sub-surface and groundwater after some time. Nutrients are mobilised by mineralisation processes during the growing season when high rates of microbial activity are observed (Böhlke and Denver, 1995; Böhlke, 2002; Schnabel et al., 1993) . NO − 3 leached to shallow groundwater may be steadily released through time periods of a year or more (Martin et al., 2004; Molénat et al., 2002; Ruiz et al., 2002b) . As shown by Schiff et al. (2002) , NO − 3 concentrations can be traced back to groundwater charges and might give a correct basis to explain the almost constant NO − 3 -N concentrations measured at sampling point 1 over the whole sampling period.
Meanwhile, C concentrations measured in the southern part were significantly lower in August and September than in April. This was also seen in the concentrations of the drainage outlets found in the southern subcatchment. The lack of rainfall in April may have led to a concentration effect (Poor and McDonnell, 2007) as concentrations measured during wetter periods of August and September were almost two times lower (Fig. 4) . In the described study area, Schelde et al. (2012) Schelde et al. (2012) , denitrification is likely to play a dominating factor for N losses in the area.
Regression analyses showed that NO − 3 -N concentrations and loads significantly depended on soil properties. Organic soils in the upstream area obtained beta coefficients of −0.55 for all three months despite their low proportion of the study area. As summarized in Table 1 , there are more organic soils in the contributing area of the southern catchment than in the northern catchment. These soil properties imply a partial immobilization of NO − 3 (Randall and Mulla, 2001; Schiff et al., 2002) and therefore lower concentrations in stream water. In the same area with organic soils along the southern branch, Schelde et al. (2012) observed that ammonia was more abundant than NO − 3 in the organic soils, and they found emissions of nitrous oxide to be relatively low at the riparian organic soils. On the other hand, high positive correlations (0.87) between NO − 3 -N concentrations and soil properties were observed for coarse clayey sand that is predominant in the northern branch contributing area. The sandy nature implies a faster drainage of water and nutrients through the soil and a better aeration that favours mineralization and slows down denitrification (Scheffer and Schachtschabel, 2002) . Therefore, and in correspondence with earlier Danish studies (Kronvang et al., 2008; Hansen et al., 2012) , sandy soils may be the explanation for the higher NO − 3 concentrations in the northern stream water.
According to the statistical analyses, arable cropland (i.e. excl. grasslands) had a low influence (beta = −0.19) on NO − 3 -N concentrations and loads. There was a very similar distribution of land use over the respective contributing areas of the different sampled points. This might be the reason why regression analyses did not assign a higher influence to cropland. Usually, rivers that flow through agricultural land transport much greater NO − 3 loads in comparison to rivers flowing through forested land (Randall and Mulla, 2001 ). This contributes to the idea that agricultural practices have the greatest impact on NO − 3 losses. However, according to Keeney and DeLuca (1993) the fertilizer N addition is not the important N contributor to streams. The major part of NO − 3 supplies rather arises from agricultural practices that enhanced mineralization, leading to soluble N that can be rapidly transported to the aquatic environment through tile drains. These practices lead to higher losses of NO − 3 in agricultural dominated areas. Maybe the higher NO − 3 concentrations in the northern part can be explained by tile drains from the more flat and thereby larger areas of drained agricultural uplands in this area, as compared to the southern part, but this could not be confirmed by the present study. A more elaborated discussion of the hydrology in the area can be found in Dahl et al. (2004) , who also discuss the potential effect of clean groundwater from buried valleys, which may affect the NO − 3 concentration in the stream, but no systematic difference between the northern and the southern branch of Tyrebaekken was found. Furthermore, according to Randall (1998) , NO − 3 losses are also greatly affected by dry and wet climatic cycles. This might explain the low influence of land use and the higher influence of soil properties on NO − 3 concentrations in our study.
Dissolved organic nitrogen (DON)
DON was found to be an important part of dissolved N losses from soils, with concentrations as well as loads increasing through the sampling period. Statistical analyses derived significant differences between the northern and southern stream part for August and September (Fig. 4) . Multiple studies have shown that DON accounts for a significant fraction of N losses to streams of pristine or forested catchments (Campbell et al., 2000; Hedin et al., 1995; Lajtha et al., 1995; Neff et al., 2003) . Mean April concentrations for the northern and southern stream part were 0.1 mg l −1 with 85 % of them being less than 0.01 mg l −1 (Fig. 4) . As DON drains through soils, the duration and amount of drainage water are important factors and DON losses depend on rainfall events (Hedin et al., 1995) . Even if there is much DON found in the soil, the driving factor that transports the nutrient to surface water may be missing (Hedin et al., 1995; van Kessel et al., 2009 ). The total precipitation in the Bjerringbro area in April was very low, which may explain the low DON values during this period.
In the review of van Kessel et al. (2009) , it was found that the average loss of DON in diverse agricultural systems with mostly light textured soils accounts for 26 % of total soluble N (mostly NO − 3 and DON). We found average contributions of 1.2 to 41.2 % in the various study periods and an overall average of 17 % of DON to TDN throughout the entire study (Fig. 5) . This is somewhat lower than the typical contribution of DON to TDN in more pristine freshwater ecosystems (Willett et al., 2004) . Goodale et al. (2000) found an average of 54 % of DON in total N exports in forested landscapes with corresponding mean DON losses of 0.7 kg ha −1 yr −1 . Willett et al. (2004) described a contribution of 40 ± 2 % of DON to total N in soil solution of Histosols and Spodosols notably under grazed grassland and forested land in Wales and Scotland. Besides, Mattsson et al. (2009) found an averaging proportion of organic N of 21 % in Danish catchments that were dominated by agricultural land. The study points out a mean DON concentration of 1.1 mg N l −1 . Siemens and Kaupenjohann (2002) described median DON concentrations of 0.4 to 2.3 mg N l −1 for leaching losses of an agricultural site in northwestern Germany and concluded that DON contributes significantly to N losses from agricultural soils. Considering these findings together with our results, we conclude that DON can contribute substantially to the total N budget, even under highly intensive land use systems such as those of the Bjerringbro landscape.
DON exports in our study ranged from < 0.01 g ha −1 d −1 to 16.0 g ha −1 d −1 and were mostly in the range of observed values reported in other studies. However, little is known on the role of DON in the N cycle in agricultural soils (Murphy et al., 2000) and flow path dynamics (Willett et al., 2004) . Therefore, the connection between the organic N pool in soil and the in-stream DON export is not well understood. Generally, DON does not vary as much as inorganic N with biological activity, soil fertility, or season. Campbell et al. (2000) and Goodale et al. (2000) found that DON actually varied little throughout a year. This statement is not compatible with the increasing values from April to September that we observed. In fact, multivariate regression analyses pointed out that sampling time had the highest influence on DON concentrations and loads. Corresponding beta coefficients of 0.51 for DON concentrations and 0.55 for loads reflect the increasing values described above. pointed out that DON can enter ecosystems through precipitation. Different forms of DON are found in the atmosphere and have the potential to be washed out and flushed into soils and water. Dust might also play an important role as well as components emitted from surrounding agricultural fields . Wet N deposition can contain between 25 and 50 % of DON, but direct inputs to freshwater ecosystems are very low (Antia et al., 1991; McHale et al., 2000) . also observed that the organic components of N found in rain are often labile fractions and very reactive. Due to quick transformations, the reactive N components in the atmosphere might therefore be more important for local emissions and hence contribute less to freshwater. It is difficult to estimate to what extent these components contribute to surface water input, but they should not be forgotten as a possible path for DON. That is why the ongoing rainfall in July (89.7 mm) and August (81.8 mm) might have an influence on the DON concentrations and fluxes at our landscape. The significant contrast to the drier month of April also highlights the importance of the sampling period, and heterogeneities in weather conditions, in the regression.
Regression analyses showed a significant influence of coarse clayey sand on DON concentrations and loads. In general, DON can be affected by biotic factors, like the production of organic matter, and abiotic factors, like soil texture that is responsible for sorption of organic components (Neff et al., 2000) . On the other hand, DON losses did not seem to be strongly linked to traditional biotic mechanisms as described for inorganic N (Campbell et al., 2000; Hedin et al., 1995; Willett et al., 2004) . Beta coefficients of 0.39 and 0.24 for concentrations and loads, respectively, may give an idea about the influence of soil texture on DON losses into streams. As shown in Fig. 4 , DON and NO − 3 -N concentrations and loads were higher in the sand-dominated northern stream part, consistent with previous studies (Neff et al., 2003) . For DON concentrations, similarly to NO 
Dissolved organic carbon (DOC)
Similarly to the other chemical species studied, measured DOC concentrations and corresponding loads were significantly different between the stream sections. In contrast to NO − 3 concentrations, DOC values were lower in the northern stream section. Concentrations increased from April to August in the northern stream section, whereas values rose significantly in September in the southern one (Fig. 4) . These observations suggest an increasing trend during the growing season, which was also observed by Dawson et al. (2002) and Aitkenhead et al. (1999) . These studies reported increasing concentrations in Scottish landscapes from June to November and from May to June, respectively. The early autumn is considered to be the time of maximum DOC export (Cooper et al., 2007; Grieve, 1984; Worrall et al., 2004) . The rising trend can result from increasing soil temperature and moisture which are driving factors for decomposition. Moore (2003) measured DOC concentrations ranging from 10 to 30 mg C l −1 in a boreal landscape with generally increasing values throughout summer. Sand-Jensen and Pedersen (2005) reported DOC concentrations between 4.7 and 18.3 mg C l −1 in northern Zealand, Denmark, for different sites (agriculture, forest, urban). Mattson et al. (2009) found a mean DOC concentration of 7.2 mg l −1 while considering 10 Danish streams throughout a year. Generally, the concentrations measured in our study were consistent with these previous results.
Due to the same organic matter origin and similar organic components, DON is often closely linked to the C cycle (Campbell et al., 2000; Cooper et al., 2007; Ghani et al., 2007; Goodale et al., 2000; van Kessel et al., 2009; Willett et al., 2004) . Accordingly, it is assumed that DON and DOC should be equally influenced by soil type or land use. However, we hardly saw any correlations between DOC and DON. Organic soil occurrence explained only little of observed DON concentrations and loads (Table 3) , whereas a highly significant influence of organic soils on DOC concentrations was found. The dependency of DOC concentrations on organic soils has been already described by Aitkenhead et al. (1999) . Accordingly, Dawson et al. (2008) concluded that the export rate of DOC depends on the carbon soil pool and therefore the organic fraction. They suggested the possibility of assessing mean stream water concentrations from C pools in soils. Organic soils contain a high proportion of degradable organic matter that can be eventually released by different physicochemical processes into streams (Kennedy et al., 1996) . These observations coincide with the results of our study where we find a higher proportion of organic soils in the southern stream part along with higher DOC concentrations and loads.
Results indicated a significant influence of discharge on DOC concentrations, shown also in many other studies (Cooper et al., 2007; Grieve, 1994; Hope et al., 1994; Worrall et al., 2002) . Cooper et al. (2007) and Worrall et al. (2002) described the importance of the amount of water flowing through soils and its transit time for flushing C out of soils. Soil properties can reduce the dissolution of C into surface waters through sorption on the one hand (Aitkenhead et al., 1999; Cooper et al., 2007; Kennedy et al., 1996) , but a faster drainage might limit the ability for adsorption on the other. Rewetting through rain and storm events seems to play an important role on the release of carbon. During these events quick discharge components such as surface and sub-surface runoff rapidly transport C laterally, reducing time for microbiological degradation in the upper soil horizons (Cooper et al., 2007) and releasing dissolved organic matter into stream water. We assume that the water input by precipitation that influences the in-stream runoff is a driving factor for DOC exports to stream, thus explaining the observed correlation between DOC and discharge. Nevertheless, one has to carefully consider the discharge data obtained with the handheld flow meter and the uncertainty introduced by the evaluation of the cross-section in the transformation of velocity data to volumes.
Interestingly, organic soils have opposite influences on instream concentrations of DOC and DON. With concentrations higher in the southern than in the northern stream, DOC concentrations are positively correlated with the percentage area corresponding to organic soils. Conversely, organic soils have a negative effect on DON concentrations as a result of more adsorption or faster degradation. Actually, adsorption of dissolved organic matter depends on molecular weight, acidic group and aromatic structure (Kaiser and Zech, 2000) . The adsorption of DOC and DON also depends on their respective concentrations in the draining water (Lilienfein et al., 2004) . According to Lilienfein et al. (2004) , at low initial concentrations in soil solution, the soil releases potentially more dissolved organic matter (DOM) than at higher concentrations for which it is more likely to retain these substances. Meanwhile, Lilienfein et al. (2004) also state that adsorption mechanisms of both species are controlled by similar factors. Nevertheless in other studies that compare the behaviour of these two DOM components, conclusions are drawn that the tendencies for adsorption and degradation probably differ between DOC and DON (Michalzik and Matzner, 1999; Kalbitz et al., 2000) . It is worth noting that DON has different characteristics in these controlled laboratory experiments than in field studies (Michalzik and Matzner, 1999) . Both these previous studies and our current results may indicate 4522 T. Wohlfart et al.: Spatial distribution of soils determines export of nitrogen the existence of at least two different pools of organic matter with heterogeneous composition in the organic soils. However, this would require further field investigations to be confirmed or refuted.
Conclusions
In spite of the homogeneous distribution of cropland in the area, C and N concentrations and loads were significantly different between the different sampled stream parts. We suggest that differences in soil properties are the strongest factor explaining this heterogeneity. As shown by the multiple regression analyses, the distribution of organic soils seemed to have high impact on stream chemistry, especially for DOC exports. Furthermore, dominating sandy soils in the northern part involved a better drainage leading to higher losses of N components than in the southern part, notably for DON. The land use distribution also had a significant influence on instream chemistry but to a weaker extent. Additionally, DON contributed up to 81 % to the TDN losses during the wetter periods of August and September and might therefore play an important role in the N budget in intensively managed agricultural landscapes. Meanwhile, the little knowledge on the role of DON in the N cycle in agricultural soils and flow path dynamics hampers our efforts to connect observed stream water chemistry with agricultural practices and soil properties, and there is a clear need to investigate these aspects in further studies. Some discussion points that could not be answered at the time the study was conducted remain. Sampling efforts were mostly undertaken in the frame of a punctual field work campaign, and we acknowledged that they might not provide a definitive view of in-stream nutrient dynamics.
